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1. INTRODUCTION {#agm212083-sec-0005}
===============

Frailty is a geriatric condition that is characterized by loss of reserves of energy, physical ability, cognition, and health due to a progressive age‐related decline in multiple physiologic systems.[1](#agm212083-bib-0001){ref-type="ref"} The consequence of frailty is a decreased capacity to respond to additional stressors, which leads to increased rates of falls, disability, hospitalization or institutionalization, or even death.[2](#agm212083-bib-0002){ref-type="ref"} Frailty is a dynamic process with transitions in both reversibility and disability even within short time periods and early detection is essential to plan the care needed to maintain health or slow down the negative effects of frailty.[3](#agm212083-bib-0003){ref-type="ref"} The most common approaches used to identify frailty are: (i) the Fried Frailty Phenotype (FFP) model[4](#agm212083-bib-0004){ref-type="ref"}; and (ii) the Frailty Index (FI), otherwise known as the accumulation of deficits model.[5](#agm212083-bib-0005){ref-type="ref"} The FFP focuses on physical characteristics, with five criteria---shrinking, weakness, poor endurance, slowness, and slow activity---and classifies people according to the number of indicators into robust, pre‐frail, and frail. In contrast, the accumulation of deficit model focuses on multiple factors named "health deficits," which are signs and symptoms of disease, laboratory measures, or disability.[6](#agm212083-bib-0006){ref-type="ref"}

The prevalence of frailty varies widely, depending on the assessment methods and the population studied. The prevalence of frailty reported in the English Longitudinal Study of Ageing was 14%, with prevalence rising to 65% in those aged over 90 years.[7](#agm212083-bib-0007){ref-type="ref"} In a recent multinational study using the FI, the lowest rate of frailty was reported in China (13%), while the highest rate was observed in India (55%).[8](#agm212083-bib-0008){ref-type="ref"} The prevalence of frailty in this study was influenced by sex and socioeconomic status, with people with higher levels of education and wealth and males less likely to be frail. The prevalence of frailty is highly dependent on a complex interplay of factors, such as age, sex, lifestyle, comorbidities, socioeconomic background, and cognitive and sensory impairment. Given the difference in life course factors among different races that could be biological, genetic, psychological, social, environmental, and the accumulation of chronic disease, the prevalence of frailty is seen to be different among different races and ethnicities.[9](#agm212083-bib-0009){ref-type="ref"} With respect to ethnicity, several studies have reported the prevalence of frailty between different ethnic groups, beginning with the original FFP study in which both Caucasians and African Americans were included in the study sample.[4](#agm212083-bib-0004){ref-type="ref"} In a follow‐up paper, it was reported that African Americans were seven times more likely to be frail than Caucasians, after adjusting for levels of obesity.[10](#agm212083-bib-0010){ref-type="ref"} The differences observed were thought to be caused by socioeconomic and sociocultural factors, with African Americans faring worse in common measures of social status and resources, which would in turn increase the risk of frailty.[11](#agm212083-bib-0011){ref-type="ref"}

Differences in frailty prevalence among ethnic groups could be particularly relevant in frailty screening in multiethnic countries. For instance, the United Kingdom has a Black and Asian minority ethnic population of 11%, of which 8% are South Asians.[12](#agm212083-bib-0012){ref-type="ref"} Similar differences in socioeconomic status among different ethnic groups are also present in the United Kingdom. For instance, South Asians are more prone to adiposity due to inadequate exercise and sedentary lifestyle.[13](#agm212083-bib-0013){ref-type="ref"} Frailty is highly susceptible to excessive adiposity, which in turn reduces the ability to carry out physical activity, leading to metabolic instability.[14](#agm212083-bib-0014){ref-type="ref"} In a recent study of older South Asian women living in the UK, sociocultural factors were identified as reasons for a lower physical activity level and higher prevalence of frailty than in other populations.[15](#agm212083-bib-0015){ref-type="ref"} Ethnic differences in body mass index (BMI) thresholds for obesity for South Asians are already routinely applied,[16](#agm212083-bib-0016){ref-type="ref"} which could lead to a greater capacity to detect people at risk of type 2 diabetes.[17](#agm212083-bib-0017){ref-type="ref"}

To this point, there has been no study of the prevalence of frailty in the UK in which ethnicity has been taken into account. The recent adoption by the National Health Service, England, of the electronic version of the FI (eFI)[18](#agm212083-bib-0018){ref-type="ref"} could make such a study straightforward. The eFI uses data from electronic health record (EHR) systems that have records of multiple patient characteristics that are used to calculate the eFI using 36 deficits, with the ratio of deficits used to identify and grade severity of frailty.[18](#agm212083-bib-0018){ref-type="ref"} It is estimated that the implementation of the eFI by general practitioners in the UK using the EHR systems EMISweb and SystmOne would cover 90% of the total population of older English people.[19](#agm212083-bib-0019){ref-type="ref"}

Accordingly, the aim of this study was to determine the prevalence of frailty in different ethnic groups in the UK in order to determine whether differences exist, in which case a more in‐depth study would be warranted to determine the reasons for any differences in frailty prevalence.

2. METHODS {#agm212083-sec-0006}
==========

2.1. Research design {#agm212083-sec-0007}
--------------------

This was a cross‐sectional study in partnership with AT Medics, which is the largest provider of primary care in London, UK. The AT Medics database contains data from a network of 16 clinical commissioning groups, covering a total of over 250 000 patients. The AT Medics EHR uses SNOMED clinical health‐care terminology (International Health Terminology Standards Development Organisation, London, UK), which is the internationally recognized standard. This database contains over 340 000 fields that can be used to enter medical data, all of which can be extracted for analysis (see <http://snomed.org/eg> for the web browsable version). Ethical approval for this secondary research study was obtained from the Institute for Health Research Ethics Committee (IHREC) at the University of Bedfordshire (IHREC907).

2.2. Participants {#agm212083-sec-0008}
-----------------

The AT Medics EHR was used to produce an anonymous data sample of all people aged over 65 years. The data extraction was performed on the October 12, 2018, at which point the database contained 235 870 patient records. Only data of people aged 65 years and over were extracted, with a total of 11 789 records extracted (5.0% of the patient records). This number is sufficient to detect a correlation of 0.015 as different from zero using magnitude‐based inferences or 0.026 using statistical significance.[20](#agm212083-bib-0020){ref-type="ref"}

2.3. Data extracted {#agm212083-sec-0009}
-------------------

The variables extracted from the EHR database contained demographic information (age, sex, ethnicity, height, weight) and frailty status (eFI score and/or classification). The eFI was used as a categorical variable and participants were considered to be frail if their eFI classification was moderate or severe frailty. A proxy for socioeconomic status was used based on the geographical location of each participant. Postcodes were used to determine the Index of Multiple Deprivation (IMD), which is a weighted indicator based on seven indices, including health and disability, education, and employment, for small geographical areas in England and has been used as a proxy of socioeconomic status in health research.[21](#agm212083-bib-0021){ref-type="ref"}, [22](#agm212083-bib-0022){ref-type="ref"} In addition to the IMD, the Income Deprivation Affecting Older People Index (IDAOPI), which is a subset of the income component of the IMD for people aged over 60 years, was also used as a covariate. For both the IMD and the IDAOPI, deciles were used rather than the individual ranks of each geographical area. All data used were de‐identified at the point of extraction from the EHR to ensure participant anonymity, including hashed postcodes that were replaced by Lower Super Output Areas, from which IMD and IADOPI were obtained, and patient identification numbers.

The ethnicity data provided in the database included over 100 different ethnic classifications. These classifications were then grouped into five broad categories based on those recommended by the Office for National Statistics (ONS)[23](#agm212083-bib-0023){ref-type="ref"} of South Asian, Black, Mixed, White, and Other. The ONS categorization uses South Asian to refer to the people from India, Pakistan, and Bangladesh.[12](#agm212083-bib-0012){ref-type="ref"} Any Asian ethnicities that were not South Asian (eg, Chinese) were classified as Other. Only the results for South Asian, Black, and White participants are reported in the evaluation due to low participant numbers in other groups. An additional evaluation of the South Asian ethnic group compared Bangladeshi, Indian, and Pakistani ethnic groups, which are the three largest Asian population groups in the UK.[12](#agm212083-bib-0012){ref-type="ref"}

2.4. Data analysis {#agm212083-sec-0010}
------------------

The rates of frailty by ethnic group, age group, and sex were expressed as proportion ratios (PRs) for the appropriate population, as shown below: $$\text{PR}\, = \,\frac{x_{1}/n_{1}}{x_{2}/n_{2}},$$where *x* ~1~ and *x* ~2~ are the number of frail people in the two populations (1 and 2) being compared, and n~1~ and n~2~ are the total number of people in each population.

Differences in proportions between groups were expressed as ratios, with 95% confidence intervals (CIs) for these ratios reported.[24](#agm212083-bib-0024){ref-type="ref"} CIs were calculated for all proportions by calculating the standard error of the natural logarithm of PR, which approximates a normal distribution[25](#agm212083-bib-0025){ref-type="ref"}:$$\text{SE}\,\ln\,{(\text{PR})} = \sqrt{\frac{1}{x_{1}}} - \frac{1}{n_{1}} + \frac{1}{x_{2}} - \frac{1}{n_{2}},$$where *x* ~1~ and *x* ~2~ are the number of frail people in the two populations (1 and 2) being compared and n~1~ and n~2~ are the total number of people in each population.

The 95% CIs for ln (PR) can be expressed as:$$\text{PR}\, \pm \, e^{1.96\,{SE}\,\ln\,({PR})},$$where 1.96 corresponds to the *Z*‐score for a 95% CI.

The Kolmogorov--Smirnov test was used to test data for normality. Both the IMD and the IDAOPI deciles were not normally distributed, therefore bias‐corrected and accelerated bootstrapping was used for these variables, with data reported as means and 95% confidence limits.[26](#agm212083-bib-0026){ref-type="ref"} Results of chi‐square tests were reported to confirm statistical significance, with *P*‐values adjusted using the Bonferroni method for all post hoc tests. Stepwise logistic regression was used to provide adjusted estimates of the odds ratios (ORs) for patients being frail, with ethnic group, age, sex, BMI, IMD, and IDAOPI entered in the model. All statistical analyses were performed using IBM SPSS Statistics (Version 25).

3. RESULTS {#agm212083-sec-0011}
==========

3.1. Participants {#agm212083-sec-0012}
-----------------

Complete data were available for sex and age; however, all other variables had some missing data. Some postcodes were erroneous, with no match in the IMD database for 47 participants (0.4%), who were not included in the analysis. Ethnicity was not specified for 861 participants (7.3%), with these participants removed from all subsequent analyses, except for a confirmation of differences in frailty percentage with the overall dataset.

Of the remaining participants, 5640 were White (47.8%), 2239 were South Asian (19.0%), 2216 were Black (18.8%), 534 were from other ethnic groups (4.5%), with 299 people of mixed ethnicity (2.5%). The characteristics of the participants by ethnicity and sex are shown in Table [1](#agm212083-tbl-0001){ref-type="table"}.

###### 

Characteristics of the participants

  Ethnic group   Sex          Age (years)   Height (m)    Weight (kg)   BMI (kg/m^2^)
  -------------- ------------ ------------- ------------- ------------- ---------------
  Black          Female       74.3 ± 6.7    1.59 ± 0.07   77.3 ± 16.6   30.4 ± 6.3
  Male           74.1 ± 7.2   1.70 ± 0.07   80.3 ± 14.7   27.5 ± 4.6    
  Other          Female       73.0 ± 7.5    1.55 ± 0.07   65.3 ± 15.8   27.2 ± 6.2
  Male           72.6 ± 6.4   1.67 ± 0.07   75.8 ± 15.4   27.2 ± 5.0    
  South Asian    Female       73.4 ± 7.1    1.51 ± 0.06   63.2 ± 13.9   27.4 ± 5.7
  Male           73.3 ± 6.7   1.66 ± 0.07   71.8 ± 12.8   25.9 ± 4.2    
  White          Female       75.2 ± 7.7    1.59 ± 0.07   70.8 ± 16.9   28.2 ± 6.4
  Male           73.6 ± 6.9   1.72 ± 0.07   83.4 ± 17.3   28.0 ± 5.5    

Data are means ± SDs.

John Wiley & Sons, Ltd

The participants in the study were towards the lower end of the scale for both IMD and IDAOPI, which indicates participants were from deprived geographical areas. The bootstrapped mean for the IMD decile was 3.40 (95% CI, 3.37‐3.43), while the IDAOPI decile was 2.54 (95% CI, 2.50‐2.58). Means and 95% CIs for IMD and IDAOPI for all ethnic groups are shown in Table [2](#agm212083-tbl-0002){ref-type="table"}. There were significant differences among ethnic groups for both IMD and IDAOPI. With respect to IMD, lower values were identified for Bangladeshis, while the highest values were observed for Indians. When IDAOPI is considered, the lowest values were again for Bangladeshis, with the highest values for White participants.

###### 

IMD and IDAOPI by ethnicity

  Ethnicity     n      IMD                                                         IDAOPI
  ------------- ------ ----------------------------------------------------------- -----------------------------------------------------------
  Black         2209   2.80 (2.76‐2.86)[\*](#agm212083-note-0004){ref-type="fn"}   1.85 (1.80‐1.91)[\*](#agm212083-note-0004){ref-type="fn"}
  Bangladeshi   607    2.35 (2.25‐2.44)[\*](#agm212083-note-0004){ref-type="fn"}   1.29 (1.23‐1.35)[\*](#agm212083-note-0004){ref-type="fn"}
  Indian        853    4.37 (4.26‐4.49)[\*](#agm212083-note-0004){ref-type="fn"}   2.75 (2.65‐2.86)
  Pakistani     315    3.60 (3.45‐3.76)                                            2.23 (2.09‐2.39)[\*](#agm212083-note-0004){ref-type="fn"}
  White         5620   3.56 (3.50‐3.61)                                            2.94 (2.87‐3.00)

Data are bootstrapped means and 95% confidence intervals.

Abbreviations: IDAOPI, Income Deprivation Affecting Older People Index; IMD, Index of Multiple Deprivation.

\*Significant difference from White ethnicity (*P* \< .05).

John Wiley & Sons, Ltd

The classification of participants into the four categories of frailty (fit, mild, moderate, severe) for all ethnic groups is shown in Figure [1](#agm212083-fig-0001){ref-type="fig"}. When moderate and severe frailty categories were combined, the overall prevalence of frailty in the population sampled was 18.1% (95% CI, 17.4‐18.9).

![Prevalence of frailty by ethnicity. Data are percentages of people in each frailty category, as classified by the electronic Frailty Index (eFI)](AGM2-2-168-g001){#agm212083-fig-0001}

The prevalence of frailty for each ethnic group is shown in Table [3](#agm212083-tbl-0003){ref-type="table"}. The greatest prevalence of frailty was in South Asians, with Bangladeshis having the highest prevalence of frailty, followed by Pakistanis and Indians. Stepwise logistic regression retained age, BMI, and ethnicity in the model. With respect to age, there was an increased likelihood of being frail for older people (OR, 1.11; 95% CI, 1.10‐1.12; χ^2^ = 715.86, *df* = 1, *P* \< .001), while those with higher BMI also had an increased likelihood of being frail (OR, 1.05; 95% CI, 1.04‐1.06; χ^2^ = 84.03, *df* = 1, *P* \< .001). The ORs from the logistic regression for ethnicity are shown in Table [3](#agm212083-tbl-0003){ref-type="table"}. When the White ethnic group was taken as the reference, there was an increased likelihood of being frail for Bangladeshis, Pakistanis, and Indians. In contrast, there was a decrease in the likelihood of being frail for those of Black ethnicity.

###### 

Prevalence of frailty by ethnicity

  Ethnicity     n      Frailty prevalence   Logistic regression
  ------------- ------ -------------------- ------------------------------------------------------------
  Black         2209   14.0 (12.6‐15.5)     OR, 0.78 (0.63‐0.92), χ^2^ = 11.87, *df* = 1, *P* = .001
  Bangladeshi   607    32.9 (29.2‐36.7)     OR, 3.01 (2.81‐3.20), χ^2^ = 120.56, *df* = 1, *P* \< .001
  Indian        853    21.6 (18.8‐24.3)     OR, 1.66 (1.47‐1.85), χ^2^ = 27.08, *df* = 1, *P* \< .001
  Pakistani     315    28.6 (23.6‐33.6)     OR, 2.44 (2.17‐2.71), χ^2^ = 41.89, *df* = 1, *P* \< .001
  White         5620   17.2 (16.2‐18.2)     ---

Frailty prevalence values are bootstrapped means and 95% confidence intervals; OR values in parentheses are 95% confidence intervals; ORs are calculated compared to White ethnicity.

Abbreviation: OR, odds ratio.

John Wiley & Sons, Ltd

4. DISCUSSION {#agm212083-sec-0013}
=============

The present study is the first reported attempt at analyzing the prevalence of frailty among different ethnic groups in England. In a sample of older people living in London, South Asians were more likely to be frail than all other ethnic groups, with people of Black ethnicity least likely to be frail. The difference in frailty prevalence for South Asians when compared to Whites equates to a small effect.[27](#agm212083-bib-0027){ref-type="ref"} When differences were examined within the South Asian group, older Bangladeshis were more likely to be frail than older Indians and Pakistanis. Other studies have also reported differences in frailty prevalence among ethnic groups, with Fried et al[4](#agm212083-bib-0004){ref-type="ref"} reporting that African Americans were twice as likely to be frail as Caucasians. These findings were expanded upon in a later article in which adjusted ORs for frailty were 4.4 for nonobese men (95% CI, 2.4‐8.1) and 4.4 for nonobese women (95% CI, 2.5‐7.8) when African Americans were compared to Caucasian Americans.[10](#agm212083-bib-0010){ref-type="ref"} Similar differences have also been reported between Americans of Mexican ethnicity and European ethnicity, with older people of Mexican ethnicity 50% more likely to be frail than those of European ethnicity.[28](#agm212083-bib-0028){ref-type="ref"}

In the present study, frailty prevalence was influenced by age and BMI, with older people more likely to be frail and people with greater BMI more likely to be frail. When the effects of age, sex, BMI, IMD, and IDAOPI were included as covariates, differences in frailty prevalence between ethnic groups persisted, with South Asians more likely to be frail, although the only covariates retained in the model were age and BMI. The differences in the risk of frailty for older people have been well documented in previous studies, with older people more likely to be frail.[29](#agm212083-bib-0029){ref-type="ref"}

The sample in the present study came from a single network of general practices in London, England. As such, this study is not purported to be representative of the population in England but does represent an initial attempt to assess the link between frailty and ethnicity in the UK. It should be acknowledged that the population is different in London to the rest of England, being substantially younger and of greater ethnic diversity that in other regions of the country. The estimated total population of London as of July 2017 was 8 825 000, of which those aged over 65 years comprised only 11.8%, compared to the national average of 18.2%.[30](#agm212083-bib-0030){ref-type="ref"} Furthermore, the population sample for the present study contained only 5.0% of older people. Although this means that the data in the present study are not representative of the entire country, this study does provide an initial evaluation of the prevalence of frailty in different ethnic groups in the UK. In a recent report of the prevalence of frailty in the UK using the eFI, 12.9% of people were classified as moderately or severely frail.[31](#agm212083-bib-0031){ref-type="ref"} This disparity between frailty prevalence in the two populations means it would be worthwhile to extend the study to include a more representative sample of older people from different parts of the country.

In the present study, geographical area was used to provide an estimate of socioeconomic status. Although differences were identified in both IMD and IDAOPI between ethnic groups, when all variables were entered into a logistic regression, socioeconomic status was not retained in the model. This could be explained by differences between frailty prevalence and IMD, with Black ethnicity having the lowest frailty prevalence despite having a low IMD. Likewise, the Indian participants had higher IMD than the White participants, but also had a higher prevalence of frailty.

If a more detailed study was to be undertaken, it would be imperative to include additional confounding factors, such as more accurate indicators of socioeconomic status, physical activity levels, and diet. Many of these factors would be likely to vary substantially among different ethnic groups. For instance, previous studies have reported the highly sedentary behavior of South Asian and other older migrant women, leading to high prevalence of frailty.[15](#agm212083-bib-0015){ref-type="ref"}

The effect of migration might also be worth investigating. In a previous study, Brothers et al[32](#agm212083-bib-0032){ref-type="ref"} identified differences in frailty prevalence in Europe, with migrants from low‐ and middle‐income countries more likely to be frail than migrants from high‐income countries and Europeans. The dataset used in the present study did not contain birthplace information, meaning that participants could have been first‐generation migrants or second‐generation migrants born in the UK. Future work should address this issue, as migration, ethnicity, and health are important issues that need to be addressed.[33](#agm212083-bib-0033){ref-type="ref"} Indeed, a universal strategy to effect health disparities caused by migration is a key priority due to the major effects caused by migration on both environment and lifestyle.[34](#agm212083-bib-0034){ref-type="ref"}

The major limitations of this study were that it was a nonrepresentative cross‐sectional study from one area of London. Furthermore, the study was based on electronic health records, most of which did not contain sufficient information on potential confounding variables. However, despite these limitations, the present study presents an important first step in identifying potential differences in the prevalence of frailty in different ethnic groups in the UK. Additional work is needed to identify the links between other risk factors for frailty and ethnicity, ideally including a more representative sample of the UK population.
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